Background-Parity is associated with coronary heart disease (CHD) risk. In the present study, we assessed the associations between number of children and CHD in both women and men. Methods and Results-A total of 4286 women and 4252 men aged 60 to 79 years from 24 British towns were studied.
T he association between parity and coronary heart disease (CHD) risk in women has been assessed in a number of prospective studies. [1] [2] [3] [4] The majority, [2] [3] [4] although not all, 5 found a positive association. Because pregnancy is a state of relative insulin resistance, most investigators have stressed biological pathways for this association. [1] [2] [3] [4] Studies that have shown an association between pregnancy and abnormal metabolic risk factors have largely been conducted on pregnant women or women of reproductive age, [5] [6] [7] and it is unclear whether any effect of repeated pregnancies on these risk factors persists into later life. Further, the possibility that the association is the result of residual confounding due to socioeconomic position 8 or lifestyle risk factors associated with child-rearing 9 have not been adequately examined.
A study of the association between number of children and incidence of various cancers demonstrated that comparisons between women and men were a useful method for distin-guishing whether the mechanism for the association involved biological processes related to pregnancy or lifestyle factors that were influenced by or influenced family size. 10 Only one small study previously looked at this possibility with respect to CHD, and it found that having Ն4 children, compared with none, was associated with increased CHD risk in both sexes. 4 In the present study, we assessed the association between number of children and CHD risk factors and prevalent CHD in a large study of older women and men.
Methods

Subjects
Data from the British Regional Heart Study and the British Women's Heart and Health Study were used. The British Regional Heart study is a prospective study of cardiovascular disease involving 7735 British men followed since 1978 to 1980. 11 Between February 1998 and February 2000, a clinical re-examination of all surviving members of the British Regional Heart Study, now aged 60 to 79 years, was undertaken (nϭ4252, with a 76% attendance of cohort survivors). The British Women's Heart and Health Study 12 was established in 1999 and is a cohort study of women designed to parallel the British Regional Heart Study. Sampling was stratified by town and by 5-year age group to ensure that the distribution was proportionately matched with that of the British Regional Heart Study. A total of 4286 women (60% of the 7173 invited) participated, and baseline data were collected between May 1999 and March 2001. 12 Ethics committee approvals were obtained for both studies, and participants gave informed consent for review of their medical records. In the present study, cross-sectional analyses were made using data from the 1998 to 2000 re-examination of the men and the 1999 to 2001 baseline data from the women. Protocols for obtaining data were similar in both studies.
Outcome and Explanatory Variables
Full details of all measurements have been previously reported. [12] [13] [14] For men, number of children was determined from the baseline (1978 to 1980) questionnaire because this question was not repeated at the re-examination. This assumes that these men, who were aged 40 to 59 years at baseline, did not have any further children. At the 1998 to 2000 follow-up, men were asked to report the birth weights of their offspring, and 97% gave the same number of birth weights as they had number of children at baseline. For simplicity throughout the text, number of children is used to describe the number of live births to women and number of children of the men. CHD was defined as self-report of a doctor diagnosis of myocardial infarction, angina, or heart failure and/or a record of a diagnosis of any one of these conditions in the medical records. 15
Statistical Analysis
The association between number of children and prevalent CHD was first assessed graphically. To assess a possible nonlinear relationship (ie, J-shaped curve), which has been previously reported, 2,16 ageadjusted quadratic models were fitted for women and men separately; interaction tests of both the linear and quadratic components identified whether these patterns were similar between women and men. Multiple logistic regression was used to assess the association between number of children and prevalent CHD. Because homeostasis model assessment (HOMA; a measure of insulin resistance) scores are not calculated for subjects with diabetes, this measurement could not be entered into a regression model without exclusion of all individuals with diabetes. To enter full data on insulin-resistance diabetes status in the final models, a categorical variable combining both HOMA scores and diabetic status was created, with the first 5 categories defined by the quintiles of the HOMA scores and a sixth category containing individuals with diabetes. Triglyceride levels and HOMA scores were log-normally distributed; geometric means are presented in tables, and the natural log of these was used in the regression models.
Results
Of the 4286 women who responded, 3828 (90%) provided details of numbers of live births. Complete data on number of children for all 4252 participants in the follow-up of the men were available. The distributions of numbers of children were similar for the women and men (mean of 2.3Ϯ1.4 children for women versus 2.2Ϯ1.3 for men), and the modal number of children for both women and men was 2, with 39% of women and 40% of men having 2 children.
Association Between Number of Children and Metabolic Risk Factors
The relationship between CHD risk factors and numbers of children for women and men are shown in Tables 1 and 2 . Among both women and men, there was a positive linear relationship between number of children and body mass index and waist-hip ratio. However, whereas the strength of relation-ship for women and men was similar for waist-hip ratio (Pϭ0.36 for interaction), the relationship with body mass index observed in women was stronger than that observed in men (Pϭ0.002 for interaction). In men, the association between number of children and waist-hip ratio was attenuated to the null after adjustment for childhood social class, lifestyle risk factors (smoking, alcohol, physical activity, and marital status), and indicators of adult socioeconomic position (social class, car ownership, and housing tenure), whereas the association with body mass index remained unaltered. In women, both of these associations remained unaltered after full adjustment. In women only, number of children was also associated with lower high-density lipoprotein cholesterol, higher triglyceride levels, and increased diabetes prevalence. These associations were not affected by adjustment for potential confounding factors. No linear relationships were found between number of children and insulin resistance, systolic blood pressure, or diastolic blood pressure in either sex, though women with 5 or more children had high HOMA scores.
Association Between Number of Children and Socioeconomic Position
Among women, there were strong linear associations between number of children and all indicators of adult socioeconomic position (social class, car ownership, and housing tenure) and also with childhood social class (Table 1 ). Among men, there were no linear associations between number of children and either adult or childhood social class or car ownership, although men with Ն5 children were more likely to be from manual social classes in both childhood and adulthood and less likely to have access to a car ( Table 2 ). There was a positive linear association between number of children and living in local authority housing among men.
Association Between Number of Children and Prevalent CHD
The age-adjusted and fully adjusted prevalence of CHD by number of children for women and men are shown in the Figure.
In both women and men, there were "J" shaped associations between number of children and age-adjusted prevalent CHD, with the prevalence being lowest among those with 2 children (probability values for quadratic components: Pϭ0.037 for women and Pϭ0.004 for men). Tests for interaction showed that the shape and magnitude of these associations did not differ between women and men (interaction probability values for both the linear and quadratic terms were Ͼ0.2). For those with at least 2 children, each additional child increased the age-adjusted odds of CHD by 30% (odds ratio, 1.30; 95% confidence interval, 1.17 to 1.44) for women and by 12% for men (odds ratio, 1.12; 95% confidence interval, 1.02 to 1.22) .
The associations between number of children and prevalent CHD for those with at least 2 children, together with the effect on these associations of adjustment for potential confounding and explanatory factors, are shown in Table 3 . Separate adjustments for socioeconomic position, lifestyle risk factors, and metabolic risk factors are presented so that the role of each in the causal pathway between number of children and CHD can be assessed. Adjustment for obesity and metabolic risk factors attenuated the associations between greater number of children and CHD in both sexes, although in women, some association remained. Adjustment for socioeconomic position and lifestyle risk factors (smoking, alcohol, and physical activity) also attenuated the association between greater number of children and CHD in women, but adjustment for these factors had little effect in men.
Discussion
Increasing number of children was associated with increasing obesity in both sexes and, in women, was also associated with adverse lipid profiles and diabetes. There was a similar J-shaped association between number of children and CHD in both sexes. Adjustment for obesity and metabolic risk factors attenuated the associations between greater number of children and CHD in both sexes, although in women, some association remains.
This study is cross-sectional and may be affected by reverse causality and survivor bias. Reverse causality (CHD leading to increased numbers of children) seems unlikely. Survivor bias (those with a greater number of children dying prematurely of CHD) would lead to underestimation of the strength of association between number of children and CHD. Because men are a cohort of survivors from the 1970s, the association in men may be underestimated, and the true number of children-CHD association in men may be closer to that of women. Among women, the similarity between the findings in our study and those of prospective studies suggests that this is not an important source of bias in women. [1] [2] [3] [4] The ascertainment of number of children differed between women and men in this study. The similarity in distributions in numbers of children between women and men in this study and, in addition, the similarity between these distributions and fertility rates in England and Wales during the 1940s to 1970s (when these children will have been born) 17 suggest that these differences will not have importantly biased our results. Previous studies have emphasized 2 possible biological mechanisms for the association between parity and CHD in women. In the first, it is proposed that each pregnancy permanently "resets" ovarian function, leading to a reduced lifetime exposure to estrogen. 18 The established inverse association between parity and breast cancer, a known estrogen-dependent disease, provides support for this hypothesis. 19 However, the role of endogenous estrogen in the cause of CHD in women is unclear. 9, 20, 21 A second biological mechanism suggests that because normal pregnancy is a state of relative insulin resistance, repeated pregnancies may result in permanent detrimental effects on lipid and glucose metabolism. [5] [6] [7] Most studies that have shown an association between pregnancy and abnormal metabolic risk factors have been conducted on pregnant women or women of reproductive age, [5] [6] [7] and it is unclear whether any effect persists into later life. One recent Values are means (95% confidence intervals). BP indicates blood pressure; LDLc, low-density lipoprotein cholesterol; HDLc, high-density lipoprotein cholesterol; HRT, hormone replacement therapy; and OCR, oral contraceptive pill. All means, prevalences, regression coefficients, and odds ratios are age-adjusted, except for age.
*Difference per increase of one child: for continuous variables, regression coefficients of unit increase in variable per increase of one child; for dichotomous variables, odds ratio for increase in one child. †Geometric means and regression coefficients represent increase in logged variable per increase of one child. study found that parity was associated with obesity, low highdensity lipoprotein cholesterol, and insulin resistance in women aged Ն55 years. 22 Although we found an association between number of children and some metabolic risk factors in women, this did not fully explain the association between number of children and prevalent CHD; however, it confirms the previous findings of an association between number of children and carotid plaques in older women, which also remained after adjustment for lipid levels, insulin resistance, and obesity. 22 In neither that study nor our study did we adjust for coagulation factors, which have also been found to be adversely affected by pregnancy. 6 If these adverse effects of pregnancy persist into later life in mothers in the same way that lipid abnormalities seem to, then the remaining association with increased number of children after adjustment for components of the insulin resistance syndrome and potential confounding factors may be due to adverse coagulation in women with more children.
Our findings in men suggest that lifestyle factors associated with having large families may lead to obesity and increased Values are means (95% confidence intervals). BP indicates blood pressure; LDLc, low-density lipoprotein cholesterol; and HDLc, high-density lipoprotein cholesterol. All means, prevalences, regression coefficients and odds ratios are age-adjusted, except for age.
*Difference per increase of one child: for continuous variables, regression coefficients of unit increase in variable per increase of one child; for dichotomous variables, odds ratio for increase in one child †Geometric means presented; regression coefficients represent increase in logged variable per increase of one child.
Age-adjusted and fully-adjusted CHD prevalence (95% confidence interval) in women and men by number of live births (women) and children (men).
CHD risk in both sexes. The increased prevalence of CHD in women and men with no children or only one child may reflect ill-health among these individuals. It is interesting to note that the risk factors for CHD that we have found to be associated with increased numbers of children in women are also those associated with pregnancy complications such as preeclampsia, preterm delivery, and small-for-date babies. 5 Women with these complications of pregnancy may have limited the number of further pregnancies. In addition, polycystic ovarian syndrome provides a link between infertility and increased risk factors for CHD, which might explain the increased risk of CHD among women with one or no children, 5 although the largest study of the association between polycystic ovarian syndrome and actual CHD found an increased risk for stroke only and not for CHD. 23 Clearly, pregnancy complications and polycystic ovarian syndrome could not explain the increased risk of CHD among men with none or only one child. 
